We have searched for the presence of simple P and S-bearing molecules in Titan's atmosphere, by looking for the characteristic signatures of phosphine and hydrogen sulfide in infrared spectra obtained by Cassini CIRS. As a result we have placed the first upper limits on the stratospheric abundances, which are 1 ppb (PH 3 ) and 330 ppb (H 2 S), at the 2-σ significance level.
Introduction 1
To date, no molecules bearing the light elements phosphorus (P) and 2 sulfur (S) have been detected in the atmosphere of Titan by either remote 3 sensing or in-situ methods. However, from cosmological considerations both 4 P and S must have been present in the icy planetesimals that formed Titan, Saturn its abundance is around 3× solar (Owen and Encrenaz, 2003) . This 8 enrichment is in line with core-accretion models, which predict that Saturn 9 had a larger ice-to-gas fraction in its formation compared to Jupiter. Sulfur 10 is enriched on Jupiter by 2.5× solar (Niemann et al., 1998) Owen and Encrenaz (2003) . Both P and S should therefore be present in
13
Titan's bulk composition at fractions greater than those on Saturn, since the 14 ice to gas ratio must have been much higher. 
Instrument and Dataset

49
The Cassini CIRS instrument is a dual design, comprising mid-infrared
50
(1400-600 cm −1 ) and far-infrared (600-10 cm −1 ) spectrometers, both with a 51 FWHM (full-width to half-maximum) spectral resolution variable from 0.5- background noise) and least instrumental interferences, and was consequently 57 used in this study.
58
The observations were described in an earlier paper (Nixon et al., 2010) .
59
The spectra were acquired during the 55 th Titan flyby (T55) of Cassini on in a recent paper (Nixon et al., 2012) , and is briefly summarized here.
76
An initial vertical atmospheric model was created with 100 layers equally Huygens probe (Fulchignoni et al., 2005; Niemann et al., 2010 erties from Khare et al. (1984) . The forward radiative transfer model was 85 computed using the NEMESIS code (Irwin et al., 2008) applied to the model 86 atmosphere and using the HITRAN gas line atlas (Rothman et al., 2009), 87 and then convolved with the FP4 detector spatial response shapes (Nixon 88 et al., 2009b ) to generate a model spectrum.
89
At this point the model was iterated to arrive at an optimum fit to the in the data-model residual ( Fig .1 (b) at 1200-1250 cm −1 (see Fig .1 (c) and (d) (Marten et al., 2002) and HNC (Moreno et al., 2011) , and will 171 doubtless reveal further new species in due course. 
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